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Optimization of Luffing-Tower Crane Location
in Tall Building Construction
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Abstract: The luffing-tower crane (T/C) is a key facility used in the vertical and horizontal transportation of materials in a tall
building construction. Locating the crane in an optimal position is an essential task in the initial stages of construction planning.
This paper proposes a new optimization model to locate the luffing T/C in the optimal position to minimize the transportation time.
A newly developed mathematical formula is suggested to calculate the transportation time of luffing T/C correctly. An optimization
algorithm, the Harmony Search (HS) algorithm, was used and the results show that HS has high performance characteristics to
solve the optimization problem in a short period of time. In a case study, the proposed model offered a better position for T/C than

the previous heuristic approach.
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I. INTRODUCTION

Material handling is considered a significant task of
construction projects, and tower cranes (T/C) are the most
important facilities used for this, especially in a tall
building construction site [1]. As the operation efficiency
of T/Cs largely depends on their locations, this should be
comprehensively taken into account in the project
planning stages [2]. To ensure a good T/C location, a
suitable T/C needs to be assigned to an appropriate
position that can optimize operations. Also, optimizing
the locations of a group of T/Cs is crucial in a tall building
project, since many T/Cs are used and located in close
proximity. Much information is required to select the
optimal location of T/C, such as machine performance
specifications, material lifting planning, space constraints
conditions, etc. Unfortunately, much of this information is
qualitative and requires subjective judgments, which
cannot be appropriately utilized by the users who
determine the locations of T/Cs with their heuristic
approaches. Therefore, a more objective approach for
crane location is required.

Due to the importance of the appropriate assigning of
locations for T/Cs, many models have been developed
based on lifting time and cost [3]. A mathematical model
was first developed by Rodriguez-Ramos and Francis [4]
to find the optimum location of a tower crane on a
construction site. The model focused on the radial and
angular movement of construction materials. The
objective of the model was the minimization of the total
transportation cost incurred by the operation of the crane.
Zhang et al. [5] proposed a major important model based
on a mathematical formula for a group of T/Cs and the

main function was then later used by Tam and Hoang et
al. [6-8]. Tam developed a simulation model for
predicting tower crane operations, and a Genetic
algorithm was used to optimize the T/C layout. The
previous researches are classified as two part, one is
suggesting a new optimization algorithm to solve the
locating problem, and another is ensuring the validity of
the optimization model. On the other hands, the previous
researches are commonly more focused on a general case
such as low-rise building not a high-rise building.

Although many models and various methodologies
have been developed to optimize T/C locations, previous
studies have common limitations. Existing models focus
on the T-type crane or mobile crane, even though the
luffing type crane is more widely used in a tall building
construction. Abdelmegid et al.[9] include the importance
of crane types, but their operation models and
mathematical formulas assume typical patterns used in the
T-type crane.

Therefore, this paper suggests a new model for
determining luffing T/C location in a tall building
construction. The objective of the model is to find the
optimal location of the luffing T/C that can minimize
material transportation time. The model application is
limited to the RC structure of the tall building
construction case, and luffing type tower cranes are
primarily considered when locating cranes. A new
approaches, the Harmony Search algorithm (HS) is used
to optimize the T/C selection problem, and its high
performance criteria enhances the ability to find better
solutions in a short period of time.

Il. TOWER CRANE SELECTION MODEL
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In tall building projects, locating tower cranes is an
important task in the initial stages of construction
planning since it has a major role in project cost and
duration related to project productivity. For example,
according to the location of T/C, the transportation
distance for materials will completely different since the
working patterns of T/C is changed by the location of
T/C, and this critically affects the time and cost of the
entire construction. It is also important that suitable types
of T/Cs are located at the appropriate locations since
transportation load varies according to the location. As the
lifting load of a location increases, the power required of
the T/C installed also increases. The current T/C selection
process used in practice is shown in Figure 1 based on the
literature review for an RC structure.
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FIGURE I
T/C SELECTION PROCESS IN PRACTICE

When locating a T/C in an RC construction, the
material lifting load, such as maximum material weight
and the quantity of materials, is first analyzed. The
materials are mainly packing units of steel.

Secondly, the possible location of T/C is determined
considering interference with the concrete pumping
machine, building core, other T/Cs, and various site
conditions. Two options are possible when locating T/Cs:
internal (inside) or external (outside) of the building.
When T/Cs are located inside the building, they are
generally attached to the core or walls. If T/Cs are
installed outside of the building, the locations are
determined according to the distances to the entrance gate
or stock yard. Since each option has pros and cons, each
option should be carefully considered.

After the locations are determined, the jib length of the
T/C should be selected considering the working radius of
the T/C (related to the maximum torque and lifting
efficiency). Even if the lifting capacity of the T/C is
greater than the maximum load of a material, the supply
and demand point of materials must be within the working
radius.

Selecting the T/C machine type is also a significant
task; generally, T-type or luffing-type machines are used.
The T-type is more efficient, less expensive, and easier to
control than the luffing type, but the luffing type is more
widely used in tall building construction since it has more
flexible mobility and causes less interruption to other
objects when operating. The selected alternatives are
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finally determined by experts through economic and
safety analysis.

In this optimization model, material handling time
should be calculated in accordance with the lifting
materials, mainly steel bars in RC building construction.
On the other hand, historical data of the average lifting
time and the installation and dismantling time of such
materials are analyzed and the appropriate number of
T/Cs is selected. The project cycle time is also important,
because the proper number of T/Cs is dependent on the
objective of the cycle time (3-day cycle or 4-day cycle).
An example of this analysis is shown in table 1.

TABLE |
REQUIRED NUMBER OF T/C CALCULATION EXAMPLES
(HYUNDAI DEVELOPMENT COMPANY)

. Section #00 / 3-day cycle
Section Dl D2 D3
Steel bar units 532 min 300 min 560 min
Prefab Steel 240 min 185 min -
Link Beams - 250 min 150 min
MEP 52 min 60 min 70 min
The others 80 min 80 min 80 min
Total lead time 15.1h 146 h 14.3h
Working efficiency 85 % 85 % 85 %
Operational time 17.7h 17.2h 16.9h
Required T/C
(20 ton class) 18 18 L7

The 1.8(D+1), 1.8(D+2), and 1.7(D+3) values imply
that at least 2 tower cranes are needed in this section to
avoid any lifting delay. The results are roughly calculated
based on a specific assumption; 20 ton class luffing crane
(hoisting capa.: 50m/min, luffing: 2.5min, 1.0min). Once
the number of T/Cs required is determined, the location of
each T/C should then be decided.

I11. HARMONY SEARCH (HS) FOR T/C LOCATION

Recently developed by Geem et al. [10], HS mimics
the music improvisation process where music players
improvise the pitches of their instruments to obtain better
harmony. Detailed descriptions of HS can be found in
Geem et al. [10]. This paper suggests a new model for
T/C location using the HS algorithm. The proposed
process is illustrated in Fig. 2
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FIGURE Il
OPTIMIZATION PROCESS OF T/C LOCATION
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The detailed optimization process is explained below.
1. Define the variables and parameters.

XD;,YD;, ZD; = coordiate of a demand point(m)
XS;,YS;,ZS; = coordinate of a supply point(m)
P(Dy;)

= distance from supply point(i) to demand point(j)(m)
P(D;)

= distance from crane point to demand point(m)
P(S;) = distance from crane point to supply point(m)
XS'; = XS;cos6 — XS;sinf + XCr,, x XS; — XCrycos0 *
XS; + YCry,sinf * XS;(rotation 6°)(m)

YS'; = YS;sin@ + YS;cos0 + YCr, * YS; — XCry,sind
YS; — YCr,cos6 * YS;(rotation 6°)(m)

XCry,,YCry,, ZCry, = coordiate of a tower crane(m)
V., = luffing velocity(m/min)

Vy = hoisting velocity of hook(m/min)

V,, = slewing velocity of crane jib(r.p.m)

Z; = luffing movement height(m)

T, = time for slewing movement of hook(min)

T, = time for luf fing movement of hook(min)

Ty = time for hoisting of hook(min)

T, = material binding & unting time

0;; = angle between P(S;) and P(D;)

HMCR = hamony memory considering rate

HM = harmony memory

PAR = pitch adjusting rate

Decision variable = Location of T/Cs,
(XCr,,YCr,, ZCr,)

2. Define feasible demand and supply points for
materials

XDy, XD,,ZD,
XD,,XD,, ZD,

XSl, Y51,251
XSz, YSZ,ZSZ

3. Define the available positions for the T/C location
XCTl, YCTl,ZCT1

XCry,YCry, ZCrry

XCry,,YCry, ZC1y,

4. Generate a harmony vector for the decision
variables

doxd e xh xh FGY)
(U I B S S A ci
B R L A (e

Where,
N: number of decision variables
HMS: harmony memory size

4. Constraints check

The maximum weight of materials must be less than
the maximum capacity of T/C to avoid safety problem.
Especially, the tip load (max. capa. at max. length) is a
significant load constraint factor when locating T/C.

vWeight of steel member < vtip load of T/C

5. Define fitness function

The aim of the proposed model is the minimization of
the material transportation time by locating T/Cs in
appropriate positions. The fitness function (objective
function) is shown below.

Objective Function = minimize Y. Tr
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P(D;) = J (XD; — XCry)? + (YD; — YCry,)?
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P(S;) =V (XS; — XCry)2 + (YS; — YCr)?

P(D;;) = \/(XDJ» — x5 + (YD, - vs;)?

P(Dij)z_P(Dj)z_P(Si)z)

1
T,, = —-arccos( 27(0,)PG))

Vw
(\/Lg — {(xcr - xs 'i)2 + (YCrn —Ys ’i)z

—\/L%3 —{(xCr, = XD,)* + (YCr — YD;)%)
Vi

_ |zs;-zpj|
Y

p(D;;)*-P(D;)*-P(s)?
Vu

Tu 2P(D;)P(S)

0= arccos(

where, Tr=2 X (T, + T, + Ty)+ T

6. Harmony Memory Considering Rate(HMCR) and
Pitch Adjustment Rate(PAR) rules are applied to the
functions.

7. Repeat the process until the termination condition

If newly generated harmony vector x™€"is better than
the worst harmony x™¢" in HM (the evaluation is based
on fitness function), then exclude x*°"st from the HM. As
a result, HM will be updated with better solutions as the
iteration continues.

IV. CASE STUDY
A. Case description

The proposed optimization model was applied to an
actual project to verify its applicability and demonstrate
the benefits. Three high-rise residential buildings, T1, T2,
and T3 (at least 46-storys), are located near each other and
all of the applied T/C were luffing type cranes. The
designed layout planning for the site and the available
area for T/C are illustrated in Figure 5.
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FIGURE V
AVAILABLE AREA FOR T/C LOCATION

B. Model application

On the other hand, the lifting load for the case site can
be calculated quantitatively from the lifting work
planning. Since this case site plan uses a various cycle
time according to the progress of project (5day-3day-
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4day), the proposed model adopts a criterion with a 3 day
cycle. Also, when calculating the lifting load, the lifting of
rebar and steel members is only considered because these
are the main materials of T/C handling. The lifting load
differs according to the day and section zones, even in a
3-day cycle. Therefore, global optimization is required
when locating T/C, considering the lifting load each day.
See Table 2.

TABLE Il
QUANTITIES OF STEEL REINFORCEMENT (TON)
Zone D+1 D+2 D+3
CORE A 30 4
B 3 25
3-Day
Cycle Perimet A 9 16
4 et B 13 7
C 19 11
Total 52 29 56

Also, after a T/C location has been selected, the
required T/C capacity at a certain length can be obtained.
Even though the maximum lifting capacity of a T/C is
greater than the maximum weight of materials, these
specific load constraints (tip load, 50m, 40m, 30m) must
be satisfied (constraints check). A detailed database for
the case site is drawn in Table 3.

TABLE Il

REQUIRED T/C CAPACITY AT CERTAIN POINTS
Section T1 T2 T3
Tip load 5.0 5.0 5.0
Inter?tilngtapa- 60m 9.0 15.0 8.2
50m 15.0 16.0 9.5
Tip load 5.0 5.0 2.0
External Capa. 50m 8.5 85 75
(ton) 30m 12.0 10.5 11.0

10

In this study, the developed optimization model was
only applied to the T1 area as a preliminary research.
Also, an infinite number of feasible points in the T1 area
is possible for T/C, but only 15 available selected
positions were taken into account in the optimization
process.

C. Results and discussion

The two location solutions from the heuristic approach
and the proposed model are illustrated in Figure 6. The
installation type was the same as the 1 external and 1
internal, but their locations somewhat differ. The slewing
time of the optimized model is longer than that of the
previous model. It seems that the optimized model
suggests more slewing motion than the previous model.
The luffing time was reduced according to the proposed
model by about 34% (181.8 min for heuristic solution and
120.4 min for optimized model). The hoisting time was
almost the same since the vertical movement is not related
to the T/C location. The differences between the slewing
time and luffing time are significant. Since the average
time of luffing spent is longer than the slewing time, the
luffing factor should be more reflected when locating the
T/C. Luffing time is related to the distances between the
position of cranes and the material supply point and
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material demand point. Therefore, the luffing time could
be minimized by arranging a T/C such that the difference
is minimized.

Stock yard for materials

a. Previous T/C locations b. Optimized T/C locations

FIGURE VI
COMPARISON BETWEEN HEURISTIC AND OPTIMIZED MODELS

TABLE IV
COMPARATIVE ANALYSIS

Previous locations Optimized locations

Installation type 1 external, linternal 1 external, linternal

Slewing time(T,,) 79.7 min 85.5 min

Luffing time(T},) 181.8 min 120.4 min

Hoisting time(Ty) 545 min 544 min
Total

transportation time 806.5 min 749.9 min

T+ T, +Ty)

V. CONCLUSION

Tower cranes are typically used on many building
construction sites to lift various materials vertically and
horizontally. The increase of transportation distance and
complex work procedure in tall building construction
make it difficult to select the optimal T/C location.
Therefore, the proposed model could assist decision-
making when determining the T/C location using an
objective approach.

In fact, developing an optimization model for T/C
locations has been variously conducted around the world.
The most critical difference between this study and the
previous studies is in the type of T/C. Previous researches
placed greater focus on the T-type or mobile type cranes
when considering the location of T/C. Some studies are
open to the possibilities of a luffing type crane, but there
calculation models and mathematical formula assume a
typical pattern used in the T-type crane. The newly
suggested model for determining the Iluffing crane
operation time can be used in many studies, including
luffing crane movement.

Further improvement of the suggested model can be
carried out to expand its applicability. Also, as the number
of T/Cs used increases, their location optimization could
be even more critical and previous heuristic approaches
cannot evaluate their efficiencies. On the other hand, other
optimization algorithms or research methodologies can be
applied to the proposed model in order to assess the most
suitable technique for the problem.
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